Background: Three prospective studies have examined the mortality of vegetarians in Britain. Objective: We describe these 3 studies and present preliminary results on mortality from the European Prospective Investigation into Cancer and Nutrition-Oxford (EPIC-Oxford). Design: The Health Food Shoppers Study and the Oxford Vegetarian Study were established in the 1970s and 1980s, respectively; each included about 11 000 subjects and used a short questionnaire on diet and lifestyle. EPIC-Oxford was established in the 1990s and includes about 56 000 subjects who completed detailed food frequency questionnaires. Mortality in all 3 studies was followed though the National Health Service Central Register. Results: Overall, the death rates of all the subjects in all 3 studies are much lower than average for the United Kingdom. Standardized mortality ratios (95% CIs) for all subjects were 59% (57%, 61%) in the Health Food Shoppers Study, 52% (49%, 56%) in the Oxford Vegetarian Study, and 39% (37%, 42%) in EPICOxford. Comparing vegetarians with nonvegetarians within each cohort, the death rate ratios (DRRs), adjusted for age, sex and smoking, were 1.03 (0.95, 1.13) in the Health Food Shoppers Study, 1.01 (0.89, 1.14) in the Oxford Vegetarian Study, and 1.05 (0.86, 1.27) in EPIC-Oxford. DRRs for ischemic heart disease in vegetarians compared with nonvegetarians were 0.85 (0.71, 1.01) in the Health Food Shoppers Study, 0.86 (0.67, 1.12) in the Oxford Vegetarian Study, and 0.75 (0.41, 1.37) in EPIC-Oxford. Conclusions: The mortality of both the vegetarians and the nonvegetarians in these studies is low compared with national rates. Within the studies, mortality for major causes of death was not significantly different between vegetarians and nonvegetarians, but the nonsignificant reduction in mortality from ischemic heart disease among vegetarians was compatible with the significant reduction previously reported in a pooled analysis of mortality in Western vegetarians.
INTRODUCTION
Three prospective studies have been set up to study the longterm health and mortality of vegetarians in Britain. The Health Food Shoppers Study (1) (2) (3) and the Oxford Vegetarian Study (4) were established in the 1970s and 1980s, respectively; each included about 11 000 subjects and used a relatively short questionnaire. The European Prospective Investigation into Cancer and Nutrition-Oxford (EPIC-Oxford) cohort was established in the 1990s and includes about 56 000 subjects who completed a detailed food frequency questionnaire (5) .
Results from the 2 older studies have been reported in several papers, and in particular these 2 studies contributed to the collaborative study of mortality in vegetarians reported at the Third International Congress on Vegetarian Nutrition (6, 7) . Since that publication, we have conducted further analyses of both these studies with extended follow-up and including comparisons of the mortality rates in these cohorts with the population average mortality for England and Wales (8) . In this paper we start by summarizing the most recent follow-up from these 2 older cohorts, then describe the preliminary results from the new EPIC-Oxford cohort, and end by drawing overall conclusions on the mortality experience of British vegetarians in these 3 studies.
Health Food Shoppers Study
The Health Food Shoppers Study cohort was recruited between 1973 and 1979 from the customers of health food shops, members of vegetarian societies, and readers of relevant magazines (1) (2) (3) . Subjects lived throughout the United Kingdom and joined the study by completing a short (one-page) questionnaire. Nearly 11 000 subjects were recruited, of whom 10 736 could be characterized according to diet and smoking habits; 43% of these were vegetarians. Follow-up was by record linkage with the National Health Service Central Register. There were 2346 deaths before age 90 up to 31 December 1997 (8) . The standardized mortality ratio (SMR) for all causes of death for the whole cohort was 59% (95% CI, 57%, 61%). The SMRs for vegetarians and nonvegetarians for all causes of death were 59% (55%, 63%) and 59% (56%, 62%), respectively. Comparisons of death rates between vegetarians and nonvegetarians within the cohort were made using Cox regression to calculate death rate ratios (DRRs), adjusted for age, sex, and smoking. For all-cause mortality, the DRR in vegetarians compared with nonvegetarians was 1.03 (0.95, 1.13). For specific causes of death examined, the only significant difference between vegetarians and nonvegetarians was for mortality from breast cancer [DRR in vegetarians = 1.73 (1.11, 2.69)]; this difference was noted in an earlier analysis of this cohort and may be partly due to lower parity among the vegetarians (3). Mortality from ischemic heart disease (IHD) was lower in vegetarians than in nonvegetarians, but this difference was not statistically significant [DRR = 0.85 (0.71, 1.01)].
Oxford Vegetarian Study
The Oxford Vegetarian Study cohort was recruited between 1980 and 1984 through the Vegetarian Society of the United Kingdom and the news media, with nonvegetarians recruited by the vegetarian participants from among their friends and relatives (4). More than 11 000 subjects were recruited, of whom 11 045 could be characterized according to diet and smoking habits; 42% of these were vegetarians. Follow-up was by record linkage with the National Health Service Central Register. There were 1131 deaths before age 90 up to 30 June 2000. The SMR for all causes of death for the whole cohort was 52% (49%, 56%). The SMRs for vegetarians and nonvegetarians for all causes of death were 51% (47%, 56%) and 54% (49%, 58%), respectively. Comparisons of death rates between vegetarians and nonvegetarians within the cohort were made using Cox regression to calculate DRRs, adjusted for age, sex, and smoking. For all-cause mortality, the DRR in vegetarians compared with nonvegetarians was 1.01 (0.89, 1.14). For specific causes of death examined, the only significant difference between vegetarians and nonvegetarians was for mortality from mental and neurological diseases [International Classification of Disease-9 (ICD-9) 290-389: DRR in vegetarians = 2.46 (1.21, 5.01)]; this result was based on only 36 deaths. Mortality from IHD was lower in vegetarians than in nonvegetarians, but this difference was not statistically significant [DRR = 0.86 (0.67, 1.12)].
SUBJECTS AND METHODS

Recruitment of subjects
The EPIC-Oxford cohort is one component of the European Prospective Investigation into Cancer and Nutrition, a collaborative study of 500 000 men and women in 10 European countries (9) . The EPIC-Oxford cohort was recruited between 1993 and 1999. Further details of the recruitment methods and the baseline characteristics of the participants have been described elsewhere (5) .
Two methods of recruitment were used: general practice (GP) recruitment and postal recruitment. A Multi-Centre Research Ethics Committee approved the protocol. EPIC nurses working in GP surgeries in Oxfordshire, Buckinghamshire, and Greater Manchester carried out recruitment from the general population through GPs. All men and women aged 35-69 y on each collaborating GP's list were invited to participate. Questionnaires were mailed to consenting participants, and appointments were made to attend the GP's surgery for an interview with the nurse. The nurse took anthropometric and blood pressure measurements, took a 30-mL blood sample, and checked the completed questionnaire. In addition, a pilot recruitment phase was conducted by collaborating GPs in Scotland who recruited 900 women aged 40-59 y from those attending the surgery for other reasons. The GP method recruited 7379 participants, comprising 21.2% of the meat eaters, 1.2% of the fish eaters, 0.4% of the vegetarians, and no vegans.
Postal recruitment, aimed at those aged 20 y and over, was designed to recruit as many vegetarians and vegans as possible. The main questionnaire was mailed directly to all members of the Vegetarian Society of the UK and all surviving participants in the Oxford Vegetarian Study (4) . Respondents were invited to give names and addresses of relatives and friends who might also be interested in receiving a questionnaire. In addition, a short questionnaire (or insert) was distributed to all members of the Vegan Society, enclosed in health and diet magazines, and displayed on health food shop counters. The questionnaire was contained on a single page that could be folded and sealed for prepaid return mailing to the study office. Questions on this insert were limited to 4 dietary categorization questions, date and place of birth, sex, height, weight, age of leaving school, smoking history, alcohol consumption, and brief medical history. The main questionnaire was then mailed to all those who returned an insert indicating an interest in receiving it. Participants who were recruited by these postal methods and who completed the main questionnaire were asked if they would be willing to provide a blood sample. The participant's GP was then approached to take a blood sample on behalf of EPIC-Oxford. These 2 postal methods recruited 58 050 participants, comprising 78.8% of the meat eaters, 98.8% of the fish eaters, 99.6% of the vegetarians, and all of the vegans.
Diet group, food, and nutrient intakes
Participants were categorized into 1 of 4 diet groups according to their replies to 4 questions: Do you eat meat? Do you eat fish? Do you eat dairy products? Do you eat eggs? From these 4 questions, 4 diet groups were established: meat eaters (those that eat meat), fish eaters (those that do not eat meat but do eat fish), vegetarians (those that do not eat meat or fish but do eat dairy products and/or eggs), and vegans (those that eat no animal products). For the women recruited in the pilot phase of the study, and the first 1300 men and women recruited by EPIC nurses, these 4 dietary categorization questions were not asked and diet group was assigned according to responses provided in the food frequency questionnaire (see below).
Participants completed a food frequency questionnaire based on that used in the US Nurses' Health Study (10) , modified for use in and validated in the United Kingdom (11, 12) . Each participant estimated average frequency of intake of 130 foods and drinks over the previous 12 mo: never or less than once a month, 1-3 times per month, once a week, 2-4 times per week, 5-6 times per week, once a day, 2-3 times per day, 4-5 times per day, or ≥ 6 times per day. Daily mean nutrient intakes were estimated using standard portion sizes, derived largely from the Ministry of Agriculture, Fisheries and Food (13) , and nutrient contents from the fifth edition of McCance and Widdowson's The Composition of Foods (14) and its supplements.
Food diary
A 7-d food diary was distributed to each participant, either at the nurse recruitment interview, or, for those that joined the study by post, a few months after the completion of the main questionnaire. Exactly 31 088 diaries were completed and returned. The data in the food diaries will be reported in future publications.
Nondietary characteristics
Self-reported height and weight were recorded in the main questionnaire, except for the first 2215 participants recruited by a GP or nurse, for whom only height and weight measured by the 1 EPIC, European Prospective Investigation into Cancer and Nutrition. The differences between nonvegetarians and vegetarians in sex, age, smoking status, BMI, previous disease, and alcohol consumption are all significant, P < 0.0001.
2 Heavy smokers smoked ≥ 15 cigarettes/d; light smokers included all other current smokers, including pipe or cigar smokers; never smokers were those who had never smoked ≥ 1 cigarette/d for ≥ 1 y. Percentages may not add to exactly 100 because of rounding.
3 Categories or values are unknown for some participants. 4 Previous disease refers to reported previous myocardial infarction, angina, stroke, diabetes, or cancer.
nurse were recorded. These data were used to calculate body mass index (BMI; in kg/m 2 ). Participants were further characterized according to their smoking habits and alcohol consumption, and were asked to report if they had been diagnosed with any of a list of specified diseases or conditions, and to give details of prescribed medication for any condition.
Follow-up
All participants are followed up by record linkage with the National Health Service Central Register, which provides information on cancer diagnoses and deaths. In addition, participants are sent a follow-up questionnaire for self-completion Ϸ 5 y after joining the study. The questionnaire is designed to provide information on changes in lifestyle, diet, and morbidity from a range of common diseases.
Statistical analysis
Statistical analysis was performed with the use of STATA software (version 7.0; Stata Corporation, College Station, TX).
Participants were categorized as either nonvegetarians (ie, meat eaters and fish eaters) or vegetarians (lactoovovegetarians and vegans). The analyses reported here were restricted to participants aged 20-89 y at recruitment for whom smoking characteristics were known and diet group was unambiguous. SMRs for vegetarians and nonvegetarians were calculated from deaths before age 90 by comparison with contemporary mortality data for England and Wales; the SMR is the ratio of the observed number of deaths compared with the number of deaths expected from the national rates, expressed as a percentage. Cox regression was used to calculate DRRs comparing death rates among participants with no prior disease for various factors including diet group, adjusted for age, sex, and smoking. No prior disease was defined as having no previous diagnosis of myocardial infarction, angina, stroke, diabetes, or cancer. Age was categorized as fourteen 5-y age groups from 20-24 y to 85-89 y. Smoking was categorized as never smoker, former smoker, light smoker, or heavy smoker: heavy smokers were those smoking 15 or more cigarettes per day; light smokers were all other current smokers, including pipe or cigar smokers; and never smokers were those who had never smoked one or more cigarettes per day for at least 1 y. Statistical significance was set at the 5% level, and 95% confidence intervals were calculated for both the SMRs and the DRRs.
RESULTS
Subject characteristics
The total number of participants in EPIC-Oxford is 65 429 men and women, aged 20-97 y. For some participants only a short questionnaire was completed, and the analyses presented here are based on 55 041 participants aged 20-89 y at recruitment with known smoking characteristics and diet group for whom complete questionnaire data and follow-up were available at the time of writing. The characteristics of these participants are given in Table 1 . Thirty-two percent of subjects were vegetarians. About three quarters of the participants were women. Median age at recruitment was 11 y lower in the vegetarians than in the nonvegetarians. Smoking rates were low overall, with only 10% of vegetarians and 12% of nonvegetarians reporting that they were smokers at the time of recruitment. Median BMI was 1.2 lower in vegetarians than in nonvegetarians, and median alcohol consumption was 0.5 g/d lower in vegetarians than in nonvegetarians. Table 2 shows the SMRs for EPIC-Oxford for various causes of death based on deaths before age 90 up to 30 June 2002. There were 973 deaths overall, giving an SMR for all-cause mortality for the whole cohort of 39% (37%, 42%). The SMRs for all-cause mortality in nonvegetarians and vegetarians were 39% (36%, 42%) and 40% (35%, 45%) respectively. In both diet groups, SMRs were below 100% for every cause of death category examined, significantly so in many cases. Table 3 shows the DRRs for smoking, BMI, alcohol consumption, and vegetarian status in relation to deaths from circulatory diseases (and separately within this category for IHD and for cerebrovascular disease), all malignant neoplasms, all other causes, and all causes combined. These analyses were restricted to the 46 562 subjects with known smoking habits and diet group and no reported prior disease (myocardial infarction, angina, stroke, diabetes, or cancer) at the time of recruitment. After a mean followup period of 5.9 y, there were 558 deaths before age 90 among these subjects up to 30 June 2002. Smoking increased the mortality rates for each of the cause of death categories examined; compared with never smokers, heavy smokers had DRRs of 4.13 (2.54, 6.70) for all malignant neoplasms, 4.10 (2.09, 8.02) for circulatory diseases, and 3.37 (2.37, 4.78) for all causes.
SMRs
Mortality rates in relation to smoking, BMI, alcohol consumption, and vegetarian diet
BMI was not strongly associated with mortality. In comparison with the reference group of subjects with a BMI of 20.0-22.5, subjects with a BMI of < 20 had an increased mortality from all malignant neoplasms, circulatory diseases, all other causes, and all causes combined, although none of these increases was statistically significant. Subjects in the highest BMI category (≥ 27.5) had a nonsignificant decrease in mortality from cancer, a nonsignificant increase in mortality from IHD, a significant reduction in mortality from all other causes, and an overall nonsignificant reduction in mortality from all causes combined [DRR = 0.79 (0.58, 1.06)].
Increased alcohol consumption was associated with a moderate but not significant decrease in all-cause mortality. 
DISCUSSION
Each of these 3 British cohort studies was designed with the objective of recruiting as many vegetarians as possible, and the proportion of vegetarians in the studies ranged from 32% in EPICOxford to 42% in the Oxford Vegetarian Study and 43% in the Health Food Shoppers Study. Because the methods used to recruit subjects were via vegetarian societies, health food shops, and magazines, it might be expected that the participants in the studies would, on average, be both healthier and more "health-conscious" than the British population in general. This expectation is borne out by the fact that the participants in the studies have relatively low smoking rates and a low prevalence of obesity. Furthermore, the SMRs in all 3 studies were markedly low (59%, 52%, and 39%, respectively, in the Health Food Shoppers Study, the Oxford Vegetarian Study, and EPIC-Oxford). The low SMRs in the 3 cohorts are partly due to factors such as the low prevalence of smoking and partly due to the fact that people who are already ill and therefore likely to die within a few years are much less likely to join this type of study than are people who are healthy (the well-known "healthy volunteer effect").
Comparisons of death rates between vegetarians and nonvegetarians within the studies show few differences. In all 3 studies, mortality from IHD was nonsignificantly lower in vegetarians than in nonvegetarians (DRRs of 0.85, 0.86, and 0.75 in the Health Food Shoppers Study, the Oxford Vegetarian Study, and EPIC-Oxford, respectively). This nonsignificant reduction is similar to the overall highly statistically significant lower DRR for IHD for vegetarians compared with nonvegetarians in a pooled analysis of 5 prospective studies (including the Health Food Shoppers Study and the Oxford Vegetarian Study) of 0.76 (0.62, (17, 18) . Other evidence suggests that a reduction in serum total cholesterol of this amount would be expected to reduce mortality from IHD by around 20%. For example, Law et al (19) estimated that a 0.6 mmol/L reduction in total cholesterol would cause a 27% reduction in mortality from IHD, and in the Heart Protection Study treatment with a statin caused a reduction in total cholesterol of 1.2 mmol/L and a reduction in mortality from IHD in 5 y of around one-third (20) . For other causes of death, no consistent differences in mortality have been observed between vegetarians and nonvegetarians, although we have observed differences in individual studies. Vegetarians had a significantly increased mortality from breast cancer in the Health Food Shoppers Study and a significantly increased mortality from mental and neurological diseases in the Oxford Vegetarian Study, but these differences were not observed in the other study. These endpoints have not yet been examined in the EPIC-Oxford study, and the nonsignificant increase in mortality from all malignant neoplasms currently seen in EPICOxford has not been observed with considerably larger numbers in the other studies. In all 3 studies, it should be noted that the numbers of deaths from individual causes are relatively small; therefore, potentially important differences might not be detected because of lack of statistical power. For all causes of death combined, the Health Food Shoppers Study and the Oxford Vegetarian Study show almost identical mortality in vegetarians and nonvegetarians; the preliminary analysis of EPIC-Oxford shows slightly, but not significantly, higher all-cause mortality in vegetarians than in nonvegetarians [DRR 1.05 (0.86, 1.27)].
In conclusion, both the vegetarians and the nonvegetarians in these 3 British cohort studies have a low mortality compared with the national average. Comparisons within the cohorts suggest that the vegetarians have a moderately lower mortality from IHD than the nonvegetarians but that there is little difference in mortality from other major causes of death.
